Rapidly growing mycobacteria (1 4 species, 67 strains) showed a highly significant correlation between their susceptibility to smegmatocin (a Tween-hydrolysing esterase of Mycobacteriurn smegmatis exhibiting antimicrobial activity in the presence of Tween 80) and sensitivity to oleic acid (a hydrolysis product of Tween 80). Polyoxyethylenesorbitan ether, the other product of Tween 80 hydrolysis, also showed some toxic effect on smegmatocin-sensitive mycobacteria. From Mycobacterium diernhoferi ATCC 19340, a representative smegmatocin-sensitive strain, mutant strains with smegmatocin-resistant phenotypes were isolated. These mutants were more resistant to oleic acid than the parent strain, although their oleic acid resistance was somewhat lower than their smegmatocin resistance.
INTRODUCTION
We have reported that the antimicrobial effect of mycobacteriocins (bacteriocin-like proteins with Tween-hydrolysing activity produced by mycobacteria) on indicator bacteria such as Mycobacterium diernhoferi and M . chitae was mediated by oleic acid generated from Tween 80 (polyoxyethylenesorbitan mono-oleate) contained in the assay medium by the esterase action of mycobacteriocins (Saito et al., 1983) . However, these indicator bacteria were not sensitive to palmitic or stearic acids (produced by hydrolysis of Tweens 40 and 60, respectively), although Tween 80 could be replaced by Tweens 40 and 60 for the expression of mycobacteriocin mediated antimycobacterial activity (Saito et al., 1983) . This suggests that polyoxyethylenesorbitan ether (produced in addition to the fatty acid on hydrolysis of Tweens) may play some role in the antimicrobial system mediated by mycobacteriocins and Tween. We have now examined the relationship between susceptibility to oleic acid and sensitivity to the mycobacteriocin-Tween 80 system of various Group IV mycobacteria. The mutant strains of M . diernhoferi ATCC 19340 isolated on the basis of their resistance to the mycobacteriocin-Tween 80 system were also examined for their sensitivity to oleic acid and to polyoxyethylenesorbitan ether. Smegmatocin. Smegmatocin, a mycobacteriocin produced by M . smegmatis, was highly purified from sonicated cell extract of M . smegmatis ATCC 14468 by DEAE-cellulose, Sephadex G-150, Phenyl Sepharose, and QAE Sephadex column chromatographies (Tomioka, 1983) .
Susceptibility of'the organisms to the smegmatocin-Tween 80 system. Volumes of about 5 p1 of serial twofold dilutions of smegmatocin solution were spotted onto a plate of basal heart infusion agar (Eiken Chemical Co., Tokyo, Japan) containing 4% (v/v) glycerol and 0.1 % (v/v) Tween 80 (Wako Pure Chemical Ind., Osaka, Japan), dried, and then treated with chloroform vapour for 30 min. Soft heart infusion agar ( 3 ml) containing the same amount of glycerol and Tween 80, and lo6 organisms ml-I, was overlaid and the preparation was incubated at 37 "C for 3 d. A smegmatocin solution giving complete growth inhibition of M . diernhoferi ATCC 19340 (the standard indicator bacterium) at 1 x dilution was defined as one arbitrary unit (AU) ml-I . The reciprocal of the highest dilution of a H. TOMIOKA AND H. SAITO standard smegmatocin solution (128 AU ml-l) which gave a clear zone of growth inhibition of a given mycobacterium was recorded as the 'susceptibility index' of the organism to the smegmatocin-Tween 80 system. The minimum growth inhibitory concentrations (MIC) for oleic acid (Wako Pure Chemical Ind.) and polyoxyethylenesorbitan ether (a kind gift from Nihon Yushi Co., Tokyo, Japan) were determined on a glycerol/heart infusion agar containing the agent at 0.1 to 400 pg ml-' one week after incubation at 37 "C, unless otherwise specified.
Zsolation of smegmatocin-resistant mutants. Mutants resistant to the smegmatocin-Tween 80 system (Smg') were isolated from M . diernhoferi ATCC 19340 as follows. A 2 d old culture of M . diernhoferi ATCC 19340 in Tryptosoy broth (Difco) containing 1 % (v/v)glycerol and 0.06% (v/v)Tween 80 was treated with N-methyl-N'-nitro-hi-nitrosoguanidine (50 pg ml-I : Wako Pure Chemical Ind.) in saline at 37 "C for 20 min, according to the method of Suga & Mizuguchi (1974). The treated bacteria were rinsed once with saline and cultured in glycerol/Tween 80/Tryptosoy broth at 37 "C for 3 d. The bacterial cells were then inoculated onto a glycerol/heart infusion agar plate containing 0.1 % (v/v) Tween 80 and 0.05 AU smegmatocin ml-l. After incubation for one week at 37 "C, colonies produced on the selection agar plate were isolated and tested for their sensitivity to the smegmatocinTween 80 system. The Smgr phenotype of the isolated mutants was retained after several transfers in glycerol/Tween/Tryptosoy broth.
RESULTS
Relationship between susceptibilities of Group 1 V mycobacteria to the smegmatocin-Tween 80 system and to oleic acid Tween 80 system and highly resistant to oleic acid. A significant correlation (r = 04334, P < 0.005) was found between the sensitivity of a given bacterium to the smegmatocin-Tween 80 system and its susceptibility to oleic acid. Variation of the phenotypic nature among Group IV mycobacteria was nearly species-specific. This confirms and expands our previous findings (Saito et al., 1983) that a major mediator of the smegmatocin-Tween 80 system was oleic acid liberated by hydrolysis of Tween 80 catalysed by smegmatocin (Tween 80-hydrolysing esterase ; Tomioka, 1983). However, nearly half the M . chelonei strains and one M . smegmatis strain showed susceptibility to the smegmatocin-Tween 80 system, in spite of their high resistance to oleic acid.
Antimycobacterial activity of polyoxyethylenesorbitan ether
Representative mycobacteria were tested for their susceptibility to polyoxyethylenesorbitan ether (Table 1) . Except for M . chelonei, smegmatocin-sensitive organisms showed intermediate sensitivity to polyoxyethylenesorbitan ether and smegmatocin-resistant organisms were less sensitive. Sensitivity of a given mycobacterium to polyoxyethylenesorbitan ether correlated with its smegmatocin sensitivity. However, all the strains of M . chelonei were highly resistant to polyoxyethylenesorbitan ether in spite of the fact that half of them were sensitive to the smegmatocin-Tween 80 system. The combined use of polyoxyethylenesorbitan ether with oleic acid failed to cause a synergistic increase in the toxicity of oleic acid to smegmatocin-sensitive organisms (data not shown). Table 2 shows the relationship between the susceptibility to the smegmatocin-Tween 80 system and the sensitivity to oleic acid of 14 representative Smgr mutants of M . diernhoferi ATCC 19340 (Smgs). All the mutants were eight times as resistant to the smegmatocin-Tween 80 system, and most were two to four times as resistant to oleic acid, as compared to the parent strain, Smgs. One of the smegmatocin-resistant mutants, Smgr-1 8, was studied further. The taxonomic properties tested (photochromogenicity, growth at 42 "C, Tween hydrolysis, nitroreductase, arylsulphatase, acid phosphatase, and amidases) were the same as those of the parent Relationship between the susceptibilities of various Group IV mycobacteria to the smegmatocin-Tween 80 antimicrobial system and to oleic acid. Sensitivity of a given mycobacterium to smegmatocin was measured by using a smegmatocin solution at 128 AU ml-l and is represented as the 'susceptibility index' as described in the text. MIC for oleic acid was determined on glycerol/heart infu- Smgs strain. Smgs and Smgr-18 produced mycobacteriocin in similar amounts: Smg", 1.4 x lo3 AU per g cells (wet weight), and Smgr-18, 1.3 x lo3 AU per g cells (wet weight) after 6 d culture.
Oleic acid susceptibilities of Smgr mutants
Neither Smgs nor Smgr-1 8 produced detectable amounts of extra-or intracellular protease. Smgr-18 was much more resistant to Tween 80 added to culture medium than Smgs (Fig. 2) . However, the growth rate of Smgs in Tween 80-free medium was higher than that of Smgr-18. Table 1 shows that Smgr-18 and Smgr-26 were somewhat more resistant to polyoxyethylenesorbitan ether than Smgs.
DISCUSSION
The susceptibility of a Group IV mycobacterium to the smegmatocin-Tween 80 system correlated well with its sensitivity to oleic acid and most mutants of M . diernhoferi ATCC 19340 having a resistant phenotype to the smegmatocin-Tween 80 system concomitantly acquired resistance to oleic acid. These findings confirm our previous observations (Saito et al., 1983 ). In addition, it was found that polyoxyethylenesorbitan ether (the hydrolysis product of Tween 80 other than oleic acid) played a role in the smegmatocin-Tween 80 system for the following reasons. Polyoxyethylenesorbitan ether was toxic to smegmatocin-sensitive mycobacteria and a close correlation was found between sensitivity of a given organism to polyoxyethylenesorbitan ether and its susceptibility to the smegmatocin-Tween 80 system. Also, all the Smgr mutants of M . diernhoferi ATCC 19340, compared with the parent strain, were eight times as resistant to smegmatocin but most were only two to four times as resistant to oleic acid. As indicated in Table 1 , two representative Smgr mutants were more resistant to polyoxyethylenesorbitan ether than the parent strain. parafortuitum. Resistant species included M . fortuitum, M . smegmatis and M . phlei. M . chelonei was somewhat peculiar, in that half the strains were resistant to oleic acid but sensitive to the smegmatocin-Tween 80 system, while the others were resistant to both of them. At present, the reasons for the behaviour of the former strains of M . chelonei are unclear. In preliminary experiments, we found that Group IV mycobacteria could not bind a significant amount of smegmatocin molecules on their surface when the cell-associated smegmatocin activity was assayed on the basis of its Tween 80-orp-nitrophenyl acetate-splitting activity after the organisms had been incubated with smegmatocin at 37 "C for 1 h. Therefore, it is unlikely that the binding affinity of the smegmatocin molecule to a given mycobacterium determines the smegmatocin sensitivity of the organism. However, the possibility cannot be excluded that smegmatocin can also act directly on the cell membrane or cell wall of certain mycobacteria and exhibit a toxic effect by hydrolysing some lipid components (Tomioka, 1983) without the aid of Tween 80, as in the case of megacin A (Ivanovics, 1965) , which is known to be a phospholipase A (Ozaki et al., 1966) . 
